The purpose of the paper is to analyze the impact of economic liberalization on technical progress and technical efficiency of electronics hardware manufacturing firms in India. In this study, Translog stochastic frontier production function is estimated in order to measure technical progress and technical efficiency of firms in an era of economic liberalization. The results indicate that electronics hardware manufacturing firms in India have experienced a significant improvement in technical progress during 2002-2010 but the average level of technical efficiency of firms has declined during the same period. The study therefore, concludes that a number of firms have failed to appropriate the benefits of technical progress in India's electronics industry. It has also been observed that implementation of the Information Technology Agreement (ITA) of World Trade Organization (WTO) does not have any significant impact on technical efficiency of firms operating in the electronics industry.
Introduction
In the year 2005, tariff rates on imported goods (known as "customs duty" in India) on a wide range of electronics products were reduced to zero due to the implementation of the Information Technology Agreement (ITA) of World Trade Organization (WTO) 1 . This elimination of tariffs is likely to intensify competition in the electronics industry as it would result in the influx of cheaper imported electronic products. It is therefore, imperative for this sector to improve its competitiveness in order to face the challenges from duty-free imports of electronic products as the sector is highly import intensive 2 . The competitiveness of a firm can be enhanced if there is an improvement in the level of technical efficiency.
The growth of output of a firm over time can be decomposed into change in technical efficiency, technical change and input growth [1] . The total factor productivity growth (TFPG) is the residual between the changes in output net of changes in inputs which is a measure of our ignorance [2] . TFPG consists of two distinct components: change in technical efficiency and technical change. Technical progress does not necessarily imply an improvement in technical efficiency for a firm. It is possible that technical progress can coexist with deteriorating technical efficiency. Similarly, technical regress can also coexist with an improving technical efficiency performance.
The objective of this study is to analyze the impact of economic liberalization on technical efficiency of firms in the electronics hardware industry. Technical efficiency refers to the ability of a firm to minimize use of inputs in the production of a given output vector, or the ability to obtain maximum output from a given input vector. We have estimated Translog stochastic frontier production function in order to measure technical efficiency of firms. In this approach the best-practice production frontier has been estimated and then how far short an individual firm falls below this frontier has been considered. A firm is considered to be technically efficient if it is on the frontier [3] . This study has explored whether the firms in India's electronics hardware sector have experienced an improvement in technical efficiency during the period of economic liberalization. This study has also tried to identify the determinants of technical efficiency for a firm operating in this sector. This paper has examined whether technical efficiency of firms is dependent on imports of technology, capital-goods and raw materials. This study has further analyzed whether there is a significant difference in technical efficiency between foreign firms and domestic firms and between domestically owned private and public sector firms. This paper has also examined whether size of the firm has any significant influence on its technical efficiency.
This paper is organized in the following manner. Section 2 analyzes the performance of the electronics hardware sector of India. In Section 3, we briefly review the studies on technical efficiency in the context of economic liberalization. Specification and estimation of the model are discussed in Section 4. Section 5 deals with sources of data and methods of measurement of variables. The main findings from empirical analysis are presented in Section 6 and Section 7 concludes the paper.
The Electronics Hardware Industry in India
Evolution of the policies for the electronics industry in India can be divided into three phases [4] . The first phase is known as the period of "import substitution" which lasted till the late 1970s. During this period, the objective was to establish a self-reliant electronics sector and the strategy was to achieve public sector led growth in a protective environment. The second phase can be termed as the period of "controlled liberalization" during 1980s. In this phase, the emphasis was laid on scale economies, easier access to foreign technology and capital as well as free entry for private sector enterprises. The third phase is the "era of globalization" which was initiated in the year 1991. In this phase, there was removal of industrial licensing for most of the products except few products of strategic significance. Further liberalization of foreign direct investment and a series of fiscal and trade policy reforms were initiated in order to allow free operation of market forces as these reform measures were expected to improve competitiveness of India's electronics industry internationally.
A National Task Force on Information Technology and Software Development was constituted in 1998. In the same year, the Department of Electronics was merged with the Department of Information Technology as a part of the Ministry of Communications and Information Technology, Government of India. The National Task Force also set up a hardware panel which recommended bringing tariffs on inputs and capital goods to zero per cent, simplification in Export and Import (EXIM) policy and customs procedures.
Since March 2005, over 800 products covering 217 tariff lines are being imported duty free with the implementation of the first phase of World Trade Organization's (WTO) Information Technology Agreement (ITA-1) coming into full force 3 . All goods required in the manufacture of ITA-1 items have been exempted from customs duty subject to actual user condition. Customs duty on inputs and capital goods used for manufacturing of electronic goods is reduced to zero. Products that no longer enjoy tariff protection constitute telecom, personal computers, strategic defense, industrial as well as some consumer equipments [5] [6] . The Department of Information Technology has been re-named as the Department of Electronics and Information Technology in the year 2012.
It has been observed that the annual compound growth rate of the electronics hardware sector has declined marginally from 13.1% to 11.2% between 1990-97 and 1997-02 [4] . However, this sector has recorded a compound growth rate of 14% per annum during 2002-10 4 . The domestic production of electronics goods is falling short of its demand leading to a steady increase in its imports. Figure 1 shows that imports of electronic goods have far outstripped its exports during 2002-2013 causing widening of trade deficits for this sector. It has been mentioned in the National Policy on Electronics (NPE), 2012 that if the electronics hardware sector continues to grow at the current rate, then the electronics import may far exceed oil imports by 2020. The electronics hardware sector can be classified into key sub-sectors namely consumer electronics, computer hardware, electronic components, communication equipments, industrial electronics and strategic electronics.
It is interesting to note that in contrast to the electronics hardware sector, the software sector of India has shown remarkable progress during the period of economic liberalization. The compound growth rate of this sector is 22.5% per annum during 2002-10 5 . This high growth rate has enabled India to emerge as a dominant player in the world in the software sector. India's software is highly export oriented and the share of exports is around 80% out of the total turnover of this sector. The software sector has benefitted largely due to the availability of cheap manpower in India. However, this advantage in manpower cost is slowly disappearing with the increase in the salary levels of software engineers. The only way for India to maintain her leadership position in the software sector is to move up the value chain [7] .
Review of Studies on Technical Efficiency in an Era of Economic Liberalization
In the case of India, economic reform measures initiated in the year 1991 have provided an opportunity to study the impact of economic liberalization on productivity growth of Indian firms. A number of studies based on firm-level data (Krishna and Mitra [8] ; Topalova [9] ; Sivadasan [10] ; Topalova and Khandelwal [11] ) have observed that lowering of tariffs has led to faster productivity growth. Studies (Ray [12] ; Siddharthan and Lal [13] ; Goldar et al. [14] ; Banga [15] ; Kato [16] ) have also shown that import of disembodied technology, Research and Development (R & D) intensity and availability of wider varieties of higher quality imported inputs have favourable impact on productivity growth of Indian firms. However, Balakrishnan and Suresh Babu [17] ; Srivastava [18] and Balakrishnan et al. [19] could not find evidences of a widespread increase in the rate of productivity growth across all sectors. The productivity of firms has improved in sectors where the market structures have become more competitive as a result of deregulation 6 . In the case of the electronics hardware sector of India, Mazumdar [21] [22] has examined the contribution of change in technical efficiency and technical progress to output growth during 1993-2004. In another study on the Indian electronics sector, Dwivedi [23] has analyzed the trend in technical efficiency, technological change and total factor productivity growth of firms by using the Data Envelopment Analysis (DEA). None of these studies have dealt with the impact of implementation of ITA of WTO on technical efficiency of firms in the electronics industry of India. This study will address this issue by analyzing whether the implementation of ITA in the year 2005 has resulted in a significant improvement in technical efficiency of firms in the electronics sector of India.
Empirical Model
The factor use efficiency of a firm or an industry is measured by the total factor productivity growth (TFPG). According to Solow [24] , TFPG can be measured as "any kind of shift" in the production function over time which is interpreted as technical change. It was however, assumed that all producers operate on the production frontier i.e. technically efficient. But in real scenario not all producers can optimize i.e. minimize input bundles to produce various outputs or maximize output producible from available input bundles, given the technology. Leibenstein [25] argued that production is bound to be inefficient due to asymmetric information, lack of proper monitoring or motivation, agency problems etc. Such inefficiencies taken together were termed as "X-inefficiency".
Farell [26] suggested that the deviation of observed points from the points on the frontier constructed from the observed points can be considered as a measure of technical efficiency. In this study a non-parametric linear programming technique was used which led to the development of DEA by Charnes, Cooper and Rhodes [27] . A parametric approach to frontier production function incorporating a specific functional form was first used by Aigner and Chu [28] which led to the emergence of stochastic frontier analysis (SFA). SFA originated from the studies of Meeusen and Broeck [29] and Aigner et al. [30] . Subsequently, Battese and Corra [31] , Pitt and Lee [32] , Schmidt and Sickles [33] , Cornwell et al. [34] , Kumbhakar [35] , Battese and Coelli [36] , Kumbhakar et al [37] , Huang and Liu [38] and Battese and Coelli [39] worked on the development of the SFA. Stochastic frontier models separate technical inefficiency from noise by incorporating two error components-one reflecting inefficiency and the other reflecting measurement error or shocks beyond the control of managers [40] .
In this study, we use a stochastic frontier production function along with an inefficiency model as specified by Battese and Coelli [39] in order to measure technical change, technical efficiency and also to identify determinants of technical efficiency for firms belonging to the electronics hardware industry. It has been assumed that the stochastic frontier production function is of translog type as this functional form imposes fewer restrictions. 
where the subscript i and t indicate the observation for i-th firm in the t-th year, Q it , K it , L it and M it are output, capital stock, labour and raw-materials consumed respectively by i-th firm and t is the time trend included in the equation to allow the frontier to shift over time and the shift is interpreted as technical change. The V i s are assumed to be independently and identically distributed normal random variables with mean zero and variance 2 v σ . The U it s are non-negative random variables associated with technical inefficiency of production, which are assumed to be independently distributed, such that U it is obtained by truncation (at zero) of the normal distribution with mean, Z it δ and variance, σ 2 where Z it is a (1 × m) vector of explanatory variables associated with technical inefficiency of production of firms over time and δ is (m × 1) vector of unknown co-efficients. The technical inefficiency effects, U it s are assumed to be a function of a set of explanatory variables, the Z it s and an unknown vector of co-efficients δ.
The technical inefficiency effect, U it , in the stochastic frontier model (1) is specified as:
In this study, the Z variables, which are involved in the inefficiency model are defined in the next section. Here it is assumed that the Z-variables are not related to the input variables in the frontier production function (1) . So, the inefficiency model (2) specifies a neutral stochastic frontier, rather than the non-neutral model, as proposed by Huang and Liu [38] .
The method of maximum likelihood has been used for simultaneous estimation of the parameters of the stochastic frontier and the model for technical inefficiency effects has been applied by using Frontier 4.1 (Coelli [41] ). The likelihood function is expressed in terms of the variance parameters, The stochastic frontier model as specified in Equation (1), allows for non-neutral technical change. Technical change is neutral if all β it s (β kt , β lt , β mt ) are equal to zero. Technical change is input-i using (saving), if β it is positive (negative). In this production function the co-efficients β k , β l , β m represent elasticities of capital, labour and raw materials respectively. The production function reduces to the Cobb-Douglas function with neutral technical change if β kk , β ll , β mm , β tt , β kl , β km , β kt , β lm , β lt and β mt are equal to zero.
Data and Variables
The data for firms in the electronics hardware industry of India have been collected from Prowess database provided by Centre for Monitoring Indian Economy (CMIE), Mumbai, India. Prowess is a database of large and medium Indian firms. It contains data of all companies traded on India's major stock exchanges and several others including public sector enterprises. . Moreover, it was only in 2001-02 all quantitative restrictions on imports for this sector were done away with. So, the next year i.e. 2002-03 is taken as the benchmark year for this study. The procedures followed in the measurement of variables used in the estimation of the frontier production function i.e. Equation (1) and the inefficiency model i.e. Equation (2) are explained here.
Output (Q): Output is measured as the value of sales plus closing stock minus opening stock of inventories of finished products. The data are then deflated by wholesale price indices (1993-94 = 100) in order to derive value of output at constant prices 9 . The wholesale price indices are collected from www.indiastat.com. Inputs: The three categories of inputs included in the model are namely, capital, labour and raw materials. The data on gross fixed asset (GFA) is collected for estimating capital stock of firms. The capital stock of each firm is estimated following the perpetual inventory accumulation (PIA) method. The details of estimation of capital stock are given in Appendix.
The data on salary and wages are collected since the Prowess database does not contain data on number of employees in the firms. We have estimated the number of employees for each firm from the data of salary and wages in the following manner. The data on "total emoluments" and "total persons engaged" are collected from Annual Survey of Industries (ASI) of the Central Statistical Organization at three-digit level from the sectors belonging to electronics 10 . Using these data, emoluments per person is computed and then, salary and wages da- 7 Other electronics sub-sector includes industrial electronics and electronic components. 8 The growth rate of the manufacturing sector increased from 5.6% per annum during 1997-2002 to 8.9% per annum during 2003-08. 9 The value of output data of firms operating in computer and consumer electronics sub-sectors are deflated by wholesale price indices of computer and computer-based system and that of TV sets respectively. For other firms, the wholesale price index of electronic equipments is used as a deflator. Same price indices are used for measuring sales turnover of firms at constant prices. 10 Central Statistical Organization (CSO) under the Ministry of Statistics and Programme Implementation, Government of India releases Annual Survey of Industries (ASI) every year in which codes are assigned to different industrial sectors. For our study, the relevant codes are 261 (electronic components), 262 (computer and peripheral equipments), 263 (communication equipments) and 264 (consumer electronics).
ta of each firm are deflated by emoluments per person data in order to derive an estimate of the number of employees in the firm for each year of our study period. Studies have shown that foreign owned firms pay more to their employees compared to domestic firms (Girma et al. [43] , Lipsey and Sjohlom [44] ). So, emoluments per person of foreign owned firms are increased by 10% in order to account for this factor (Goldar et al. [14] ). The number of employees in the foreign owned firms is estimated with this adjustment. Electronic components are generally used as raw materials in this sector. The data on raw materials consumed are deflated by the wholesale price index of electronic items.
The following variables are used in the efficiency model for explaining the differences in the inefficiency levels of firms.
Import intensity: In this study, import intensity is measured with the help of three variables-capital-goods import intensity (KIMPINT), input import intensity (IMPINT) and technology import intensity (TECHIMP). Import of capital goods and raw-materials are deflated by unit value indices of imports 11 . The data on technology import i.e. expenditures on royalties, technical know-how fees, license fees are adjusted by using the Real Effective Exchange Rate (REER) since the exchange rates of Indian rupee have fluctuated during the study period. The REER of Indian rupee is based on thirty-six currency bilateral trade weights. The REER data are collected from the Handbook of Statistics on Indian Economy, published by the Reserve Bank of India. All these variables are divided by sales turnover measured at constant prices in order to derive three different measures of import intensities. It is hypothesized that there is a direct relationship between import intensity of a firm and its technical efficiency.
A SIZE: The logarithm of sales turnover of a firm measured at constant prices (LSALES) is taken as a measure of its SIZE. Empirical studies have shown that technically more efficient firms tend to be large (Pitt and Lee [32] , Lundvall and Battese [46] ). It is therefore, hypothesized that larger firms are technically more efficient as such firms can derive benefits from scale economies.
Foreign firms: Foreign firms are expected to be more efficient compared to the domestic firms because of their superior technology and managerial practices. In this study a dummy variable FOR is used in order to capture the inter-firm differences in technical efficiency. The dummy variable takes the value 1 if the share of foreign equity is greater than 20% and 0 otherwise 13 . Public sector firms: It will be interesting to explore whether public sector firms are technically less efficient compared to private sector firms, since such firms are bound by various rules and regulations. A dummy variable PUB takes the value 1 for public sector firms and 0 otherwise.
Results
The frontier production function defined by the Equation (1) and the inefficiency model defined by the Equation (2) are estimated simultaneously by using the maximum likelihood estimation method for electronics hardware manufacturing firms.
Since technical efficiency estimates are sensitive to the specification of the production function we have con- 11 Imports of capital goods and raw-material inputs are deflated by unit value indices (1999-00 = 100) of import of machinery and telecom, sound recording/reproducing apparatus &equipments respectively. 12 R & D expenditure data are deflated by weighted average of wholesale price index (WPI) of machinery and machine tools and consumer price index (CPI) of industrial workers. It is observed that the salaries and other benefits of the R & D staff account for about 70% of total R&D expenditure. So the weights assigned to CPI of industrial workers and WPI of machinery and machine tools are 0.7 and 0.3 respectively. 13 Out of ten foreign firms, the share of foreign equity is less than 25% for one firm only.
ducted the test for variances restrictions on the translog production frontier to check the appropriateness of the model in accordance with the data. For this we use the generalized likelihood-ratio (LR) as defined here:
[ ]
where, RLLF = the log likelihood value of the restricted frontier model as specified by the null hypothesis H 0 and, ULLF = the log likelihood value of unrestricted frontier model value allocated as hypothesis H 1 .
If the sample size is large, it can be shown that the test statistics λ follows the Chi-square (χ 2 ) distribution with degrees of freedom equal to the number of restrictions imposed by the null hypothesis.
The first null hypothesis that frontier production function is of Cobb-Douglas type with non-neutral technical change is rejected by the data for the electronics sector thereby, accepting the translog functional form ( Table 1) . The estimates of parameters of the translog type stochastic frontier production functions for the electronics sector are given in Table 2 . Stochastic production frontier has been estimated instead of deterministic production function since the null hypothesis of no technical inefficiency effects is rejected for the translog production function ( Table 3) .
It can be observed from Table 2 that the co-efficient of the time variable t it is positive and statistically significant for electronics hardware manufacturing firms. This indicates that the rate of technical progress is positive and statistically significant for this sector during the study period. There is an outward shift in the production frontier in the case of technical progress as the frontier firms experience upgradation of technology. The rate of technical progress has however decelerated over time since the co-efficient of 2 it t variable is found to be negative and statistically significant. The co-efficient of logL it (i.e. labour elasticity) is positive and significant at 1% level whereas the co-efficient of logK it is not statistically significant. This indicates that labour-rather than capital has played more dominant role in this industry. The co-efficient of logM it is also found to be positive and statistically significant. There exits diminishing marginal productivities for capital and labour since the co-efficients of (logK it ) 2 and (logL it ) 2 are negative and statistically significant. However, the co-efficient of (logM it ) 2 is found to be positive and statistically significant. The co-efficient of (logK it ) (logL it ) is positive and statistically significant. This suggests that capital and labour are substitutes to each other. The negative co-efficients of (logK it ) (logM it ) and (logL it ) (logM it ) indicate that raw materials are complement for use of both capital as well as labour. The production function seems to be capital saving since the co-efficient of (logK it )t it is negative and statistically significant.
In the inefficiency model in Table 2 , a positive co-efficient indicates an increase in inefficiency since the variables are determinants of inefficiency. The co-efficient of time t it is positive and significant which indicates that in spite of experiencing technical progress, the average efficiency of firms has declined in the electronics sector. So, a number of firms have failed to appropriate the benefits of technical progress. The distance from the frontier has increased for an inefficient firm since there has been outward shift of the production frontier as other firms have experienced technical progress. The sign of time dummy (TD) is negative but not significant hence, there has not been any significant improvement in average efficiency of firms after 2005-06. The impact of economic liberalization is captured with the help of three variables KIMINT, TECHINT and IMPINT. It is observed that the co-efficients of KIMINT and TECHINT are negative and significant, whereas the co-efficient of IMPINT is positive and significant. So, imports of embodied and disembodied technology have resulted in an improvement of technical efficiency of firms in the electronics sector but technical efficiency is lower for firms, which are highly dependent on import of raw materials. The extent of value added is very limited as such firms are primarily engaged in assembling of imported inputs 14 . It has been observed that manufacturers of electronic products are turning into assemblers of the same products [6] . The co-efficient of R & D intensity (RNDINT) is positive and significant for the electronics sector. It is surprising to find that R & D seems to reduce efficiency of firms in the electronics sector. This might also be due to the way in which firms report R & D expenditure in India in order to avail fiscal benefits (Driffield and Kambhampati [48] ; Mani [49] ). The co-efficients of firm size (LSALES) is negative and significant for the electronics sector. This implies that the level of technical efficiency is higher for larger firms as such firms can benefit from economies of scale. A larger firm may have an access to superior quality of inputs, which helps to enhance its efficiency level. The co-efficient of FOR is negative and statistically significant for the electronics sector which indicates that other things remaining unchanged, a foreign firm is technically more efficient than a domestically owned firm. The level of technical efficiency is lower for the public sector firms in comparison with other firms as the co-efficient of PUB is positive and statistically significant for the electronics sector.
Conclusion
This study finds that the electronics sector of India has experienced an improvement in technical progress during 2002-10. But the average level of technical efficiency of firms has declined during the same period. This indicates that a number of firms have failed to appropriate benefits of technical progress. There has not been any significant improvement in average technical efficiency of firms after the implementation of ITA of WTO in the year 2005. Imports of capital goods and technology have favourable impact on technical efficiency but the firms which are more dependent on imported raw materials are less efficient. Such firms are primarily engaged in assembling of imported electronic products with very limited manufacturing activities. However, the results of this study are only indicative since the sample size for our study is not very large. Results also show a positive relationship between size of a firm and its level of technical efficiency mainly due to economies of scale. It has been observed that foreign firms in the Indian electronics sector have higher technical efficiencies than domestic firms and the level of technical efficiency is lower for public sector firms.
